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^ <y^5lfe 4711^ ^ <y:Efli4sl- z| Al^V^:^oiiA-l *t»i>i!nl: 44 47fls] a] 

1-*^ i^^>^ 471121 2:^-1-3. ^A^^>JL ^71 >>1 4711^1 

^Eflul-i-S ^^^>i^, <^7lA^ ^1-71 471121 ^^-i- ^ ^o^i^ 271121 

^ ^C1121 Cl-OlHlAlEl ^l-^» ^O.T^ ^]<^X\:^^ ^:iAl5?l Jl^ ^fl c^l ^ o)l cfl^J-^Cl-. 
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I / 

1020030001454 %■^ "^7]-: 2003/10/7 

4711 Si o].Efli4^ -^-^-S-^ Al^i^go^ ^^Ai :^^1{TRANSMITTING AND RECEIVING 

APPARATUS FOR WIRELESS TELECOMMUNICATION SYSTEM USING 4 TRANSMIT ANTENNAS} 

S. l^r #Hll 7l^<Hl rcl-^ ^^-^m ^>-g-*m ^^7121 ^A^^ ufEl-^ #5^ 

5.. 

IE 2^ ^7] S. 1^ ^^7l^^El ^Al^ Al^l- ^Al^>^ ^^71^ ^^^^ M-Bl-^ l-^l 

£ 3^ ^ ^^^1 <^ ^AHHi xc).^ ^^-Al;^ A>-g-^>^ ^^7lsl ^A^^ q- 

£ 5^ ^ ^AHloflA-l QPSKSl A>-g-Al 2711 fil ^4^5;tl-«Hl tfl^ ol 

£ 6^ 455.'?]:^ 2l^^ QPSK 

£ 7^r ^ ^^^^ ^ ^AHHi it]-s. 7]^^ ^Eflo:| 71^1- Aij:t:fl 

^'S-al(SNR)'Hl 1:11 tilH ^^#(BER)51 ^^cll^^ B]3iL^ 
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> ^ "^^^ ^^^^ Al^E^<Hl ^t!" ^-^SAi, s.^] 3|lo]i3(Fadiiig)<>ll S^t!: 

(Degradation)oil cfl-g-^l-7l ^sfl ^a] oj-Efluj- cfoltt^AlE]!- Al-g-^>^ ^^a] ;3-^]o]l ^o] 

^jT). ^5}-^ cf<^lwlAlE|(time and frequency diversity)<^lt^. 91^^ 

^ 7l# Vahid Tarokh -f-^H] ^^fl ^l^V^ ^^-^1^ ^^^s.iSpace time block code)^ 
S.M. Alaraouti7> :^]oy^ 9yn^^<^M^]^ 7]^^ 27l] ojAj-o] <y:Efli4l:^ a>^^ ^ o;^ 

^'^]^. Tarokh<Hl ^1^^ "Space time block coding from orthogonal 

design," IEEE Trans, on Info., Theory. Vol. 45, pp. 1456-1467, July 1999<Hl ^7fl£)c>| 
^, Alamoutioll ^t!: ^1^^ "A simple transmitter diversity scheme for wireless 
communications," IEEE Journal on Selected Area in Communications, Vol. 16, pp. 
1451-1458, Oct. 1998<^1 ^7flS)o1 $X^. 

S. 1^ ^Efl 7]^c^] nf^ ^^V-Al^V A}-g-^>^ ^^71^1 ^>§^ u)-e1-hE 1:^ 

^<=>M. Tarokh<Hl ^«fl ^1^^ ^^]^ ^o] ^^7l(Serial to 

Parallel Converter: S/P Converter) (110 -^J:5|-7l (Encoder) (120) S. ^a^s1<>| 9X^. 
^ 471] a] <?l:Efli+s.(i30,132,134,136)* Aj-g-sl-^ £Al^>^t:f. 
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<il> 



^7] S. 1* ^S^>^, ^7] ^^7l(110)fe '^J^Sl^ 

-^^51-71(120)^ ^l^fVc^-. ^>7l ^:£5l-7l(120)^ ^1-71 471]^ ^l"!:* 7Mji 8711 
* ^^^*>^ 8711S1 Al^V^^s. :^<y. >y.7i 47flo:| <a-Eflul-#(l30, 132, 134, 136)5. ^^^4. 

>^7l 8711 2^ ^^1-^ *>7l^ <^^^ 1>^ ^-Br 8x4^ ^SLS\- ^^S. ^ ^Cf. 



<12> 





^2 


^3 










•S3 




J* 


^. 













































<13> 



<14> 



<15> 



i^^^ 11 

si,S2.S3,S4^ ^^3r>Jl>^> 4711^ M-Bl-^flcl-. 

^7]9\. :y-ol ^71 «-^2l.7Kl20)^ 'iJ^Sl^ 4711^ ^Ir**^] ^^(negat ive)2^ 
(conjugate)^ ^-g-*H 87ll^ ^l^^^V-^^ 47l]2l ^Eflu|-#(130, 132, 134, 136)S #^t!:Cl-. 
7l^i z]-z]-s] <y:Eflq-i:S ^1€^1:. ^ 1#(rows)^ ^o^-^^^fl ^iil^^* 7]-;:^l7ll 

^^l^^S ^^^V^a. ^11 ^l^V^^-^l^i^ ^ <io^ 37110] Aj^s. si,s2,S3,S4 

7} ^7] 4711^ <?l:EflM-l-(l30, 132, 134, 136)5. z^-z^- , uy^y^S. ^]^^^<=^]^] 

^ '^^ 371151 41^^ _s^* _S3* s 2*,si*7> ^j-71 471]^ ^tflufs.(i30. 132, 134, 136)5. 

^^^cf. ^, >a-7l -^S^7l(120)^ M^^ <y:elli4s ^V7l ^s.^ ^^S] M«i^ <^s^ ^ 
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<16> S. 2^ ^7] S. 1^ ^Al7l^-^Ei ^Al^ ^^7l^ ^^^^ l^^^ M.^ 

£AltV 42]- 4^o^ ^Ai <L>Bl]i4l-(140,145)3q- 5]]^ ^^^7l(Channel 

Estimator) (150) 5^1- cf^^fl^ 4]lr «fl 17] (Multiple Channel Symbol Ar r anger )( 160 )i2|- ^#7] 
(Detector) (170)5. ^^^^nf. 
<i7> ^V7i i 2» ^^71(150)^ 'artflq-irdSO i^^l 136)S^Bl ^ 

^ <?]:Bfli4§(140 vfl^^l 145)S.s] >tfl^ <^]^^-^ M-Bl-ifl^ ^fl^ ;^l^€-( channel coef f icients)!- 
^^*>i^, t:]-^^!]^ ^1: «fl<i7l(160)^ ^^7] <y:Bim*(140, 142)<^1 S^^fl ^a]^ ^ 

^^^H ^#71(170)3. ^l^tbi=f. ZL51^ ^J-7l ^#71(170)^ ^>7l ^A] A]^^ 

<H1 ^1-71 ^11^ 7ll^#^ T^tl- (hypotheses) 7>;^lJl 7}^^ S.^ ^l:-i-<^l 

^t!:'^^ -S-;^! ^(decision statistic)^ :^]^^ ^ ^#(threshold detection)^!! 

<18> Alamouti^ ^^-^1^ 1:^^^ 7]^^ 27l]^ 4^^] o>t)m.s.^ 4^ a]^s. 

(complex symbols)^ ^4^*>cl2l-iE ^^#(rate)^ ^^*>^1 ^Jl ^tflM-l"^ 7)1^^ ^ 
•atb. ^ ^cfl^ ^>^(diversity order)* '^^t]-, o]^ ^^J-^V<^ Tarokhofl ^«fl 

^1-71 £ 12]- i 2^ ^1-^1 ^^JS^'Hl ^^il^-^K orthogonal) ^1:^ 7>xl^ ^Bfl 

^^-Al^ ^^U.^^ ^}-%-^}^ 2lcfl ^-<='lBl^lE] ^f^l- <g^^-. ZLE^uf ^1-71 ^V^l*^ 47fl 

^ -4^ 87fl^ ^m^^(time interval) ^^^}7] nfl^ofl 1/2^ ^^^<5] 

^iq-. Stl: l:^(47flS] ^#1-)^ ^^^1 ^^^l-^Dll 87fl^ ^l^^^^o] ^^^y] nfl^ofl jr 



28-7 



1020030001454 #^ 2003/10/7 

<19> o]4V4 ^o] 4711 ol^o^ <iVHfli4#^ Al-§-*M ^± ^^^i N711S1 4]!- 

1-^ ^^^}7l ^t|l 2N7l|5^ Al^V^^ol 74^B.S. ^^^^ ^^o] ^^-^^}c^ ^l^^l^lIrC latency) 
ol ^o^^li ^^^ol ^^^l-sl^cffe ^^]^o] 9X9X^. 



<20> TX^S^X] ^1-71 ^O] ^^Sl^ f^Sfl 71 ^^1^^ «M^>7l ^^]-<:^ %>t>^ ^ ^ 

47flSl ^Al «?>Elll4-i.^ ^>-§-*>^ ^-a-i-^ Al^E^oflA-l ^^^o] ^^O^O] ^cflol c^olHl 

<21> ^ ^t^^ 47]lol ^Al 0>Eim-l-^ AV-g-^V^ ^^^^ Al^E^ollA-l ^=g^^ol ^^O^ 

<22> ^ ^^ol <^ ^AHHl tt^^ ^^71^, ^-a^^ Al^iE^ollA^ 44i ^^^V^ ^ 

<23> 471151 ^Al o>Eim-l:52l-, 

<24> «y^£l^ 47)151 Al^^ol Z]- <y:Eim-S!l- Zl- Al^V^^oll^i tl-^x^^ ;5l^Sl:£^ Aj-^l 47110^ 

471151 A]^^^ i^*>^ 4711^ S^^S. ^^^Sr>i ^7] 4711^ A]^ 

^^1: ^^7] ^Al oJ-Eflul-S.^ ^^^m ^^^71 » S.^^}JL, 

<25> ^1-71 <y^5l^ 471151 Aj^S. ^ 2^0^^ 271151 Al^^^ z^-Z^- 5l ^^^-^^^ 

^ ^^Sl^ ^tq-. 
<26> ^ ^1^51 <a ^AHHl 14^ =^Al7l^, ^^-i-^ Al^eJoflA-l M.^ ^^^^ ^^^}^ ^ 

^71 oil ^O^A-i, 
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<27> 4711 Si ovEimi-s^E^ ^o]s. ^vM-^ n^^s. 471121 

<28> >^l-7l 4711 Si ^Al t!:^mi-S.^El ^7] ^0]^ ^>u).o^ ^Al o>El]u)-S.S] ^fl^ <^1^#^ Zl" 

Zl- q-Bl-vfl^ 4711^1 ^11^ Ol^l-^ ^11^ ^^71^4. 

<29> 4>7l aB<i7loll o)e)l ^Ai^ ^:£lr^ <^1-§-^><=^ 2711^1 ^ 

7>^t!: ^1- tfl^ll i^lB^ ^j^S] DflEil 

27flS] ^1-1-^ zl-zl- ^#§>^ ^ ^12 cl^i:-is.3i)-, 
<30> .^71 ^11 ^ ;^12 tqscii-oil o^tll 27flSl ^^icfl^ Hfll^H 

tg/^^ ^^711- i^^H ^^^Sl^ ^^^S 



*1-7H1A-1 ^ ^^^^] 9X<^ ^p^l 71^ ^A^ofl cflt!: ^^H^ ^^<^1 

^ ^^Sl A^ll- l-:gA^V7ll ^ ^Cfjl :^^5l^ ^^«H1^ U. A^^^ A^e^^ ^ 

-g:-§-^>^ ^^1 ■f-<Hl nl-H]- ^e}-^ ^ ^nf. zLe^p.^ n ^s]^ ^ 

•^1 ^-S-* Scfl^ MlBl^<^> ^ ^olcf. 



^#51^ ^ ^^^<=11^i^ ^Cll cfolH^AlE^ ^}^^ ^cfl <g7l >a 

■i:l-(complex syinbols)^) <^-^» 3l^(rotate)>«l7'l Jl :?>^*>7ll ^}y] 
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<33> 



<34> 



I^^^ 21 



J, Jj ^3 

S, J, J, J, 

*9 -^lO ^11 ^tt 

.*13 *I4 *16j 



<35> 



<36> 



^ei^a ^oM <^«h^ 2>51- ^^^V^ ^^7loilAi i^i^j^ll ^A] ^Eim^^E) 

(symbol combination) Ct<=Hl tfl-g-§]-^ ^o. ^].7]o:) <^«j-<5q 3>5i)- :^o] 

7}'§-^ S.^ 2:^1:<^1 tfl^Vc^ ^>7lSl <^*)-^ 4>1- ^1- ^^ti-cf. 



<37> 



<38> 
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<40> 



14. 



<41> 



<42> 



<43> 



<44> 



^^7l^ ML ^# ^^5|-*>7l ^«flA-l^ >^7l <=^-«h^ 4><HlAi 7]-^^!: 

%Hcrossover term)^ ^l^^^M "yrtflM-l-i- ^tfl ^l^^^s.^ ^ 

[ ^ 5] + + + *io*ri + *i4*rj) + KKux + J.J,* + j,.j;, + j„j;.) + + + ^u^i'i + 

4x4 <^l-§-*H 4711 ^^^>^ ^-^ ML t:1^^A]oil ^^^^ 3. 

^ ^^^^ ^4^^«H<^> *>fecll, 4x4 ^M- 

^ *>7l^ <^^^ 6><^1 47^0] cf. ufS. ^^SJ. 5:1-71^ 47>;^1 <i 



ol 



<45> 



5, Jj 
5, 

J, 5, 5, 5j 
Sy 



5, 5^ S, S, 

5j J, 5^ 

Sy 5j 5, 

S, Sy S, 



5, Sy 

S, Sy J, S^ 

Sy S, J, J, 



J, S, 

*4 "I 

^4 S, 



Sy J, 

5. 



'3 •'2 -"l 



<46> 
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t}^ 2x2 -¥-^^l*(cosets)ol Alamouti<Hl ^«fl ^^S. ^ ^c>l<:>> ^}7] 

<47> >^7l <^t|-^ 6>^ ^ ^1<^1 i:fl*><^ ^7] <^^^ 5>^] M-E)-^ wj-sq- 47flSl 

H^i^Wl ;^171^ ^ a>^3i]- ^-§-^H T^^^^ -f-SSI- -a 



<48> 



71 



Xj Xj 

Jfj — JC^ JC^ — Xj 

JC, -x^ -x^ 

X^ ~ X^ JCj 



<49> o^7lAi xi,X2,X3,X4^ ^=^^>Ji;^> ^l"* Si.S 2,S3,S4<^1 ^^^zf ^ofl^ ^-§-*H ^iJ 

<50> ^71^1 <^^^ 7>^ ^S.^- ^>-g-^>^ ^^71^ ML cl^c-l^ S}7]$] 



<52> 



<53> 



<54> [^*J-Al 101 ^"C^2.*^Xl^2-*2l''*l^^-^4l='*l^2--^>^J ^-1-^21 ^'I^J'') 

<55> o^7lA^ Min (a,b)(y(a,b))<^m y(a.b)« ^:^^3r>^ a,b« ^^i^^^ ^^]<=>]^, 
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<56> 



K ' ' K ' " K 



^7]$] <^^^ 9> ^ <^n^ io>» ^i-§-*>^. ^^71011^-1 <^n^ 9>o)i m-ei- xi 

4 X3^ ^(pair)^ ^3.^^}^ ^7] <^n^ 10>oll X4^ ^3.^^}^ 

tb^, 'a^^^ BPSK(Bi nary Phase Shift Keying)<^l ^^}<^ ^ 

7^"^% ^^^a-SC complex constellation)!- <^l-§-^|-^ 3^> 

^ QPSKCQuadrature Phase Shift Keying), 8PSK(8ary PSK) , 16PSK(16ary PSK)# 
^ ^^^1^ ^M:^^] ^^7} ^7] nfl^oll rfolu^AlB] ^>^7> ZLE.]B. 



^^71011^-1^ ^71 <U^ >a#l- si,S2,S3,S4 ^ Si,S 4«- 01,04^^'"'^ ^ ^*>fe 

^SL^- £A]*>^Cf. cf^ ;§ ^:|^ T^flES^ol] ^^51^ ^o] si,s2 S3 

.S4 32, S3^ Sl^^l^ ^ <^7lA-l 27fl5l 411-*^ 21^^171^ ^ ^ol-?;tl:<^l S 



<59> 




1^*1-^ 12] 
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<61> 



<62> 



[4^*1-^ 13] 













■ I s 


















•^3 




\ 


X2 


• 

Xy 










Xj 




■^4 


-^3 




-Xy 


~x^ 








-A 


^3 






x; 


X, 


X, 


"Xy 


xl 
















A 


-x; 


X2 


X^ _ 














-x\ 


x, 


Xi 




Xa 
















x^ 


— X* 


-^4 


Xy 












x\ 




X, 


X4 


X^ 


-x\ 






-^^ 










A* 


-xl 


-x^ 




X, X, 






















xi -x; 






















X3 X, 


-< 




















xl -x^ 























<63> 



<^7lA^ Xi,X2.X3,X4fe ^^BTl-Jl^V Sl.S 2.S3.S4 ^^1 "a-^*^! 

^-g-^fJL sl^^l^ afl^tl: ^olcf. 

Ais. cf^ ^^iJ:^^ S)^^ ^ ^cf. ojel^v j7^^>^ sj^o. ^1.7^5^ <^tl-.J4 
14>^ ^o] ^tiVsi-^ci.. 



<65> 



14] 



e"'s, e"''s^ e'^s 



<66> 



^ ^^^^ cf^ ^S.^ *51<H1 <a^^ ^i:^^ «lt(unitary matrix) U 
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<67> 







e^'^x^ 




e-"'^x\ 


u 




-e-"^x\ 


e'^'x. 


-e"'x. 




e"'x. 


-e"''x\ 






e->^'x\ 


-e-"'x, 




e^'x, 


u 


"U = l 









<68> 



<69> 



\^^^ 15] 

o]^^d\]X\ w>sq- ^-s.^ s^l*^ <^l-B-*m ^-tl^m- ^^711- £ 33]- £ 4<^1 

Hj-sq. ^ol 3]/t§^ ^^7] (Serial to Parallel Converter) (210) 5] ^7] #( Phase 
Rotators)(220,225)jil- -^^5|-7l (Encoder )(230)S} 47H^ <a:Efli4l:(240,242,244)^ 

<70> ^7] £ 3# ^S*>^, >a-7l ^/^^ ^«-7l(210)^ 47)1^ Si.S2,S3.S4 

♦ ^>M-^ 1-^-2.5. ^J-71 ^^S)-7l (230)^ ^l^t!:i=f. <^l°fl ^>M-^ 1:^ ^ <Jd^€ 27BS1 

^a-i-l: si.S4^ ^7] -^^S}-7l(230)S *y^S]7l ^oil ^7] 5l^7ll-(220,225)<^1 A 

A ^^^^ 01,04^^^ ^7]^^ ^7] 27fl^ -ai-^^ ^^7H1A^ A^S 

^^^^] ^^5]-£^ ^^^cf. -«:£^7l(230)^ ^7l 271]^ 

tl: 1:^^ ^^1-* 7>^lJL z^z^ 471]^ S^^>^ 47flS^ ^^^*><^ 47B 

^ ^l^-?-^!- ^^7] 4711^ o]:Efli4l-(240 vfl^l 246)^ 

<^7lA-l ^71 :^^s|-7l(230)^ ^i:fl^ irfolw^AlE] %\^r% ^7] ^^H, ^^-71 ^^s)^ 4 

tf. ^^21-71(230)^ ^^9] oVEfluf^. ^l^:^^!*^ ^-^-S <a^7> ^1- 

3]iil*l-£^(orthogonally) ^7] ^l-i-<Hl «]:^(negat ive)^)- ^<3^(conjugate)# ^ 



<71> 
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<72> >^7] 47flSl <^Eflul-l-S. ^^S)^ 47flfil a^l-^ 4x4 ^^S. S.-^^}^, M^^ "iVtflM-S. 

^ ^S.^ M^^B Krow)^ ^^icfl^ ^^^i^. ^ n^^ ^l^^^-Hl^i n^^ 

^(column)S] ^l-l-o] 4711^ ^Bfluf^S. ^^^i^. 

<73> <^1S.A-1 4711^ ^l-t Si.S2,S3,S4 ^ Si.S 4* Z^-Z^- 0i,04^^ ^^S" ^ 

^ ^-f . -^71 -^sS|-7](230)^ ^^tb <^«!-'i] 12>^ 4x42] ^^s\- ^^S. 

M-H]-^ ^ ^1=1-. <n^n^ i2>o\} M-B|-«i ^loi A>-g-5]^ m 

^ ^ 3711S] ^#1- ^■''■•^i, S2. S3*, ^"■'''^^o] ^7] ol:Efli4l-(240 vfl;^] 246)^ 

-^^7] 471121 <^l:Eim-i:(240 246)S. ^^^cf. 

o^7lA^ ^ ^^011 14s. ^Ai7l^ ^^^^S. ^^*>^ 27112] MLCMaximum 
Likelihood) (Decoders) (340, 345 i^^><^ 

<75> ^1-71 £ 4# ^2:s>ig, ^11^ ^^^7l(Channel Est imator)(320)^ 37B2] o>Eflu|-s. 

(240 tfl^l 246)S.-^E^ ^A] oi-Eflu|.s.(3io, 315)S.2] ^fl^ ;^l^-i:( channel coefficients), ^ 
^fl^ <^1^* hi,h2.h3,h4» ^^^^M, 4^1: tifl'l7l(Symbol Arranger) (330)^ ^^-71 «y:Efli4 
1-(310,315) ^^-^ 471121 Al^V^^fi- :g-ov ^^s\^ Aij:^ ri,r2.r3,r4» ^^W. 
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<76> uyo^ ol:Eflq-7> 17^'^ ^1-71 ^1- Bfl'iyKSSO)^ 47)1^ ^1^^^* ^91^ ^ 

^^^^7l ufl^olc^-. ^J:<U 2711 ol>a-o^ ^Al ^Efli-l-#ol >^V7l «ll«i7l 

(330)^ -2-<^l- ^Efls ^^^tb^-. <^7lA-i ^>ul-o^ ^cHl^ s^l-M-^ ^A] o>Eflul. 

# -i-^ll ^^^^ ^^1-^ till^l3:>Jl ^>^-0^ ^d]]^ 5>l4Sl Al^^^oll ^AIS]^ Wfl 

^ItVcl-. <^7H1A-1^ ^^7112^ ^A] <?l:Elli4l:(310,315)^ ^>-§-*>^ £Al*].^o.q- o>sfloil 

^ife ^4^^^ ^2i» ^VM-^ 91^^* A>-§-*m ^^<H1 cfl^flAi A^,^^ ^014. 

<77> ^Al7l^«E^ 47flo^ A]^^ Si,S2.S3,S4# ^^^fJl^} C^^Cl^ 

(340,345) ^ tlSDl(340)^ ^1-71 ^fl^ 0]^^. ^ Aj-^] ^a] aI^s-o,] i^e). g^jzl- 33* ^ 
^12 i:l^Dl(345)^ ^>€-7M 32^1- S4* ^7] ClSCl-i- 

(340.345)<^1 ^«fl ^7l 4711^1 A]^s.ol ^Ajofl ^#^1^-. c:.^7lA-l >air#^ ^efl^ aj# 

1:4 ^^^>7l s'-2-S S.7]^3X^. 

<78> ol^l- ov^^ <4^^^ 12>S1 -^^^ ol-§-*m ^-f , ^^71 ;«lll clsi=l (340)31 

^^<^1 tfl«fl ^^*>^. ^7l ;*ni t:l^c-l(340)oflAi ^'^57KSymbol Generator) (350)^ S. 

€■ 71-^t!: si4 S3^ -^S^l-(Sub-combinations)* ^^^^^H, ^^7l(Phase 
Rotator) (360)^ ^7] # si# ^^7H1 o]^ a>^^ ^jzl- :^o^^V 

<79> nllH^ /^l'a:7l (Metric Calculator) (370)^ ^7] ^^^^ ^fl^ ol^s. hi.h2.h3.h44^7l 

^^1- ri.r2,r 3,r4# 7l-;^lJl, ^^y- ^>i4o^ a]^^ i^^Vfe 7>^^ S.^ a]^ 

^S^l-oil cflBll <^«^<^^ 9>» i]:-i-(Metric values)^ ^^i^ ^# 

71(380)^ nllB^ ^^-^ o]-%-^}<=^ t.1]H€l 7H£^ ^:>^ s 
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l'. S3'* ^#^14. 

o]^^ ^12 i^st:-1(345)<^lH£ -S-^^l-Tfl ol^<H^cf. ^1^ ^<=>1 ^7] 

tq^r:-1(340)<^l>H^ si'^f 53'* ^#*>J1 ^l2 i^^t;-] (345)<^l^i ^ 82'^ 34'* ^#^> 

^, 1^^/^^ €«:7] (Parallel to Serial Converter) (390)^ -^7] ^1-1-8- ^^H^flS. 

^>7l £ 3 ^ £ 45q- ^O] ^^^^^ ^^7]^ ^^7]c]]A^ ^l-l-* ^^1- Sl^Al7l7l ^ 

*H ^>-§-^^ SL^ ^ll-Cerror matrices)^ ^± ^^^1- o]s.(n,i minium coding 

gain)<^l Tt].^ ^^^^<^\ ^7]^^ ^l<^m ^^71<:>11A-1 'ai-i-^zl- ^Hfl 

^A]^ ^^1-^0^ ^>ol^ ^Efl^ 0)]^^ -^^5)- o]^^ -2-^ '^l^ 

^-H-^^(eigen values)^^ S]u]«l-cf. 

£ 5^ ^ ^'^<^1>H QPSK^ AV-g-Al 27flSl rflt!" o]^^ 

H-B^-sH Al^eilol^ ^:B)-olcf. c:^7lAi^ 27)1^ ^^?J:*<^1 ^"g^l-cl-ji 71-^^>^o.d^. 7>S 
^^i-iJ!:* M-B^-xflji /il^ o]^^ 14b]- ^Sq.. 90£^ wfl 

^7> ol^o. Qo] o]^ QpsK gOS'S:^ 5l:5iAl7l^ ^sflo) 

^£7> El 7] tfl^olcf. 

^7] S. 5^] -SEA]^ ^jzfoll oj-s.^ ^^l-^o] 45£ ^^<^1 nfl 2)4: ^JSIS)- ^l^o] 

^iJr^VTlKflat) ^ ^cf. tufe^-A-l ^ ^^^oflA^ i^V^^tl" ^^^i^t^ 45£olc).. :£ qo]] ^ 

<^lS.Ai 45IE.'?1:^ sl^^ QPSK uj-Ej-iJfl^icl.. ^a]^ tt>5q- ^-^1- ^1" 

^oll ^^l^>7fl ^14. ^ ^11 ^^]^]^] w>^^tb ^ 

^^1- <^1^1^>'^, QPSK7> ^V-g-Sl^ 45£# ^4]-^^ 21s. i^^l 69£o]D^, 
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8PSK(8-ary Phase Shift Keying)7> A>-g-5]^ ^-f <H1^ cfle^ 21S. vfl^l 24i£olJi, 16PSK(16-ary 

PSK)7> A>-g-5l^ Cfle^ 11.25:£olcf. Zie^M- ^ ^^r^^ o]£^S_V ^J.^^6\] o^^].c^ 

tbE)^ ^o] 6>u|n^ w>^^tb 1^^^ ^^^^^$] s-A^ ^<:H1 'i^5]<H<^> 

£ 7 o. ^ ^^oil i4€- 7l#^ f^eflo] tz^.^ 7l^#3|- Ai^tfl ^^Hl (Signal 

to Noise Ratio: SNR)<^1 tfl^ ^^^(Bit Error Rate: BER)^ ^^<^1-Ai Il^S.<^] 
<^7lA-1 410^ ^^^V^ ^^<^]Jl 420^ Tarokh<^l 3]^ <^^7J:6\] 

8x4 ^Jisl- A>-g-*>^ ^-f ^1^. 430^ Alamouti^ll ^«fl 271]^ ^tflM-S ^V-g-*]- 

^ Jl#<^1^, 440^ ^^21-^ ^-^V^ 45£» A>^sr]-^ 4x4 ^:S.s\- ^V-g-^V^ ^ 

-fojji, 450^ ^Aj.^ 5;£^ A>-g-^>^ 4x4 ^^S)- ^S^^ A>-g-^>^ 

460^ 37fl^ ^BflM-i-ofl tfl«fl 4x3 ^>-§-*m ^Hl-^ ^^^l^i-. £Al^V 

^o] ^ ^x^ofl u^^ ^^^^ ^^^^ A>^^1-^ IrS^ -^-^^ -g-^tb ^^cfl 
^^<HlAi alH 7>^* ^ oj^cf. 

^oflA^ ^fl<^lAi ^^oi 7>^^^ n.^]jE.s. ^ 

"^^^ ^'^^ ^Ajc^ioil ^tl-s];^! i^^s^'?]: o>u]2:}. o] s.^]^^ 

^ ^:^*V ^^d\] o^^ ^^;^o]: *>tq.. 
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<87> ^ ^x^o. A^^s.^ A>-g-*>^ ^^<^l£ ^<^1 ^T:fl^ cfolta^AlBl ^> 

^l-^^l ^J-^^Hl ^Iil^>£^ 1^^^ AjT^ll- tl-i=f. 
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1] 

-T-^*<d Al^efloilA^ ^^^^ ^#*>^ ^^7loll ^ol^i. 

^^"^^ 47fl^ ^1-*^ 5£^^1-^ 4711 ^^^^>J1 ^7] S^l-^ 4711 Al 

^9 ^91 o>Eflq-i-s. ^^^m ^:5i^7l» i^*>Jl. 

^7l -^^^Sl^ 4711^ ^ A1^^ ^o^s 271121 -ai-*^ ril^S^ ^^^^jt*'?!: 

2] 

^1 1 A1^^ ^l-*^ 27lloH ^^7HlA-lo^ ^J^aHI A-IS. V]] 

3] 

^1 1 SZ'^^i, QPSK7> A>-g-sl^ ^7l 45£* ^^.^^ *H 21£ 



r 
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[^^% 4] 

^1 1 ■^^<^1 9X'^^^, 8PSK7> 21S. vflx] 24£^ ^ 

5] 

^1 1 %H1 16PSK71- A>-g-£]^ ^V7l 11.25£<?I ^^1-^5. 

I^^^J- 6] 

7] 

^ol 47flo^ <11-Ji|. 47fl^ 7Mfe ^^^^^ ^^1-^^ ^^7]. 

' e'^'s, s, 

5j -e'"'s[ e^'s, -s, 
s, e"'s, -s'j 
e-'"'s: -si -J, e''-s,_ 
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<^7lAi si,S2.S3.S4^ 01, 04^ 81,84^ Sj^^-y. 



[^^^^1- 8] 

^o] 47fl2] 47fl5l 7>^1^ ^^^f-^ ^^-^S ^^7l. 
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<^7]^^ xi,X2,X3,X4^ 2711^ 4711^ 



[^^%^ 91 

^1 6 SX^^^, ^oM ^^^^ 4711^ ^^^^fe 47flo] ^>7l^ 

^O] 47l]ol <g§4 47flO] ;7>>^]- ^J^o. ^^^1^0. ^^0_^ ^^7]. 

■^^S, e^'^s, e-^'^sl e^'^sl' 
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[^^^J- 10] 

^^1-^ Al>,E^oilAi ^± ^1:1-* ^^^>^ ^^y]^] 9X^^^, 

■i-i-* A's-^ s.^ ^1- -¥-s^*<^l cfl^ T^flH^ ^1-^ ^^>ji uflE^ iJt^ 

7l-;^l^ 271121 Z]-zl- ^#*]-^ ^ ;^12 i:l^Dll-u2l., 

;^1]1 ^ ;^12 t:l^Dl#^l ^efl 27ll^ ^^i^H^ ^W'^^-'^ 

^/^^ ^*7l» i^*>c>i ^^^5)^ ^^l-^S. *m ^^7l. 



[^^IJ- 11] 

^1 10 %H1 SX'^^^. ^oM ^11 ^ ^12 cl^Dls. z]-z^^, 

271121 i^^l-^ 7>^^ ^1: ^S^S^ ^^S^V^ ^^37lsq-, 

-^■71 2711^1 ^ ^ A]^^ ^^o^ ^^iit^^ 21:^^1 71^ 21^7121-, 

^7] HM7H1 ^5:1-21- ^7] ^11^ 71-^1 Jl ^7] ^^5]^^ 

^ai-* 4]!- ^S^-i-oll tUtV 1^1 ijt#^ ollHS^ 7ll<47l2f, 
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121 

11 ^oHl $i<H^i. ^11 1=1 sci^, 

|i?.-«^S/+|i?3-^3|V|i?,3-^-^S>3|^-|-S,lV3l'^ 27fl^ ^1-^ S1,S3^ ^#*>0^ <>i7]A-l 

_ (r./i,'+r;yi, + ^'ft,-rA') „ _ {r,K + r;h,-r;h,+r.h;) _ (- + K,h, - iQx, + h^K, ) 

<^7lA^ ri,r2,r3,r4^ ^7\9\ Aj^^^^i- :S-o> z^-z^- ^a]:^ ^^ojo^ hi.h2,h3,h4^ 47fl 
I^^*ch 13] 

R2.R4.R24^ ^^^^ ^^^^ ^^7\. 

*rH*,r+iM'+i^r+iA.r 

<^7lAi ri,r2,r3.r4^ 47)1^ ^l^V^^l- ■^<?> z^-z^- ^a]^ hi,h2,h3,h4^ 47fl 
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[S. 41 
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